Abstract-This paper introduces a new decentralized adaptive fuzzy controller for a class of large-scale nonlinear systems with unknown non-affine subsystems and unknown interconnections represented by nonlinear functions. The fuzzy system is used to represent the controller's structure. The stability of the closed loop system is guaranteed through Lyapunov stability analysis by introducing some adaptive rules derived appropriately. Simulation results easily highlight merits of the proposed controller.
I. INTRODUCTION
Fuzzy adaptive controller (FAC) has attracted many researchers to developed appropriate controllers for nonlinear systems because of the following reasons.
As a result of its tunable structure, the performance of the FAC is superior that of the fuzzy controller. Instead of using adaptive controller, FAC can use knowledge of the experts in the controller. In the recent year, FAC has been fully studied as follow:
To use the fuzzy systems for modeling of nonlinear systems and designing the controllers with guaranteed stability are presented in [1] . To model affine nonlinear system and to design stable TS based controllers have been employed in [2] . Designing of the sliding mode fuzzy adaptive controller for a class of multivariable TS fuzzy systems are presents in [3] . In [4] , the non-affine nonlinear function are first approximated by the TS fuzzy systems, and then stable TS fuzzy controller and observer are designed for the obtained model. In these papers, modeling and controller has been designed simply, but the systems must be linearizable around some operating points. Designing of the FAC for affine chaotic systems are presented in [5] . To design stable FAC and linear observer for class of affine nonlinear systems are presented in [6] , [7] . Fuzzy adaptive sliding mode controller is presented for class of affine nonlinear time delay systems in [8] .
[9], [10] are involved stable FAC for class of non-affine nonlinear systems.
FAC has been never applied to non-canonical non-affine nonlinear systems. This paper proposes a new method to design an adaptive controller based on fuzzy systems for a class of non-affine nonlinear systems with the following properties: guaranteed stability, robustness against uncertainties and external disturbances and approximation errors, to avoid chattering, and convergence of the output error to zero.
II. PRELIMINARIES
Considering the following large scale non-affine nonlinear system: (1) such that the tracking error and observer error are ultimately bounded while all signals in the closed-loop system remain bounded.
In this paper, we will make the following assumptions concerning the system (1) 
dm g R  is known constant parameter and define later.
Furthermore, the following controller and observer design can be reconstructed for min < 0 g in same way.
Assumption 2:
The desired trajectory m ( ) xtis generated by the following desired system.
where () rt is external desired value. The interactions can be considered as external inputs as a function of the states of the subsystems, thus it is bounded by some constant time varying signal, which is in general a function of all the states. To make it more suitable for the proposed controller derivation, the following assumption is used.
Assumption 3: the external disturbance satisfies the following property.
Consider ˆ() xt as an estimation of () xt and the following definitions. 
where e stands for the tracking error, ê presents the observer error and e  is for the observation error.
Consider the following tracking error vector. Taking the derivative of both sides of the equation (6) we have
Use equation (7) 
Using assumption (1), equation (9) and the signal v which is not explicitly dependent on the control input u , the following inequality is satisfied:
Invoking the implicit function theorem, it is obvious that the nonlinear algebraic equation ( ) 0 g x u v  is locally However, the implicit function theory only guarantees the existence of the ideal controller * () u x,v for system (12), and does not recommend a technique for constructing solution even if the dynamics of the system are well known. In the following, a fuzzy system and classic controller will be used to obtain the unknown ideal controller.
III. OBSERVER BASED FUZZY ADAPTIVE CONTROLLER DESIGN
In the last section, it has been shown that there exists an ideal control for achieving control objectives. We show how to develop a fuzzy system to adaptively approximate the unknown ideal controller.
This section deals with the observer and controller design procedure. To design observer for the mentioned system in equation (14), this paper proposes the following observer error. Kkare the linear observer gain and the nonlinear observer gain respectively. o K is selected to make sure that the characteristic polynomial of ( ) 
By using the above equation and after some manipulation, the state-space realization can be written as [10] :  are determined through the following optimization.
Denote the estimate of 
For more information about closed loop stability, refer to [9] .
IV. SIMULATION RESULTS
In this section, we apply the proposed fuzzy model reference adaptive controller to an inverted pendulum problem Applying the proposed controller to the above system. As shown in figure (2-a) , it is obvious that the performance of the proposed controller is promising. Figure (2-b) shows the total input of system.
V. CONCLUSION
In this paper, we propose a new fuzzy model reference adaptive controller for affine nonlinear systems. The asymptotic convergence of the tracking error to a neighborhood of zero, the stability of closed-loop system, and Robustness against external disturbances are the merits of proposed controller.
